Abstract: Aim: This study assessed the phycoperiphyton biomass in two regions submitted to different human impacts on Juara Lake, a coastal ecosystem with multiple uses, to order to test the hypothesis that the sampling sites that receive domestic sewage shows higher biomass values. Methods: It was installed three experimental structures with artificial substrate (glass slides) in December 2009 in two sampling sites: ED -near the domestic sewage's release; TR -in the area of intensive fish farming (net cages). Samplings were conducted in each experimental structure, after 21, 26 and 31 days for colonization. We evaluated: transparency, electric conductivity, pH, turbidity, total suspended solids, alkalinity, dissolved oxygen, water temperature, total nitrogen, nitrate, nitrite, ammonia nitrogen, total phosphorus, orthophosphate and silicate. The phycoperiphyton was analyzed regarding biomass: biovolume (total and per class); pigments (chlorophyll-a and b and carotenoids) and phaeophytin; dry weight and ashfree dry weight. Results: TR featured higher values of transparency, water temperature and silicate. ED presented greater values of conductivity, turbidity, total suspended solids, alkalinity, total nitrogen, nitrate, ammonia nitrogen, and orthophosphate. No difference was detected between the sites and the succession of days for the dry weight, ash-free dry weight, chlorophyll-b, carotenoids, phaeopigments, and total biovolume. Conclusions: Nevertheless, the biovolume of Bacillariophyceae and Chlorophyceae were more representative in ED. Only the higher values of chlorophyll confirmed the hypothesis tested.
and Lowe, 2006) . Meanwhile, a better knowledge of the relationship between the responses of periphytic algae and environmental variables is required in order to develop an effective biomonitoring program (Stevenson and Smol, 2003) . These relationships between nutrients and attributes with ecological value are important to document the effects on the ecosystems, generating data to support government actions (Stevenson et al., 2008) .
The present study was performed in a tropical coastal lake with input of nutrients through tributaries, with high organic load and intensive fish farming, and aimed to evaluate the phycoperiphyton biomass in two regions submitted to different human impacts. The hypothesis tested was that the biomass of periphyton is improved in the region where domestic wastewater is discharged rather than intensive fish-farming region.
Material and Methods

Study area
Juara Lake covers an area of 2.9 km 2 and is located in Jacaraipe River basin (area of 220 km 2 ), in the municipality of Serra, Espírito Santo State, Brazil (Serra, 2010) . The climate of this region is tropical hot and humid, with annual average temperature of 24 °C, ranging from 18 °C to 34 °C, with an unimodal rainfall regime, and annual range from 900 to 1,200 mm (Serra, 2010) .
The lake is used for recreation, fishing, fish farming and other uses. The Fishermen Association of the Lake had worked with about 90 net cages (in December 2009) for tilapia farming (Oreochromis sp.). Some streams cross urban areas can transport organic load from domestic sewage into the lake, as in the case of Laranjeiras Stream that flows into a region that resembles a small bay, next to the Fishermen Association and widely used by the population for recreation.
Experimental design and sampling sites
Three circular rubbered supports have been assembled to hold about 50 glass slides, an artificial
Introduction
Coastal lakes are shallow water bodies, usually oriented parallel to the coast, connected with the ocean at least intermittently through one or more restricted connections (Kjerfve, 1994) . These ecosystems along with estuaries are among the most productive worldwide, and a significant portion of this productivity is explained by the high biomass of periphytic algae, which develop dense populations in these shallow environments, where light can reach up to the sediment in most of the time (Tundisi and Matsumara-Tundisi, 2008) . However, despite the great ecological importance, only recently this community has been a subject of investigation (Stevenson et al., 1996) .
Several factors regulating the periphyton community have been investigated, among them the light (Hill and Fanta, 2008; Vadeboncoeur et al., 2008) , temperature (Van der Grinten et al., 2005; Murakami and Rodrigues, 2009 ) and nutrients (Engle and Melack, 1993; Smith and Lee, 2006; Ferragut and Bicudo, 2010) . In recent centuries, the urbanization and agriculture have increased the input of nutrients into shallow lakes around the world, changing the structure and biological dynamics of these environments (Jeppesen et al., 2005) . The eutrophication caused by increased concentration of nutrients, mainly nitrogen and phosphorus, provides unpleasant taste and odor, and potential presence of toxins and anoxia (Molica and Azevedo, 2009) , which may prevent the multiple use of ecosystems, such as intensive fish farming.
The increased concentration of nutrients in the water will raise the nutritional content of periphytic algae, followed by an increase in its biomass and productivity (Kahlert and Petterson, 2002) . The biomass can be determined by several ways, including through biovolume (DeNicola et al., 2006) , pigments (Brotas et al., 2007) and organic matter content (Dodds and Biggs, 2002) , attributes that can be used to evaluate the ecosystem quality, since they respond to variations in nutrient concentrations (Ferragut and Bicudo, 2009 V1.25), total suspended solids (APHA, 2005) , total alkalinity (Carmouze, 1994) , total nitrogen and total phosphorus (Valderrama, 1981) , nitrate (Mackereth et al., 1978) , nitrite and silicate (Golterman et al., 1978) , ammonia nitrogen (Koroleff, 1976) , orthophosphate (Strickland and Parsons, 1960) . From the data of nutrients, the TN: TP molar ratio was estimated.
At each sampling, 10 colonized glass slides (substrate) were randomly collected, which were scraped into a single sample (integrated sample), from which it had been taken aliquots with known volume for biological analysis.
Samples for quantitative analysis of periphytic algae were fixed in acetic lugol solution (5%) and analyzed in an inverted microscope Nikon Eclipse TS 100 (400×), according to Utermöhl (1958) , and the sedimentation time according to Lund et al. (1958) . The count limit was given by the rarefaction curve of species (Bicudo, 1990 ) until the rate ruling reached 100 individuals. The biovolume was estimated according to Sun and Liu (2003) and Hillebrand et al. (1999) , by multiplying the density of each taxon by the average of its volume; substrate to periphyton. On December 18 th , 2009 each experimental structure was attached to the sediment and equipped with floats to maintain the substrate at 0.2 m under the water surface.
Two sampling sites were established: in area of the net cages (TR), at 40° 14' 15'' W and 20° 06' 17'' S, and near the entrance of Laranjeiras Stream (ED), at 40° 12' 43'' W and 20° 07' 40'' S ( Figure 1) . The distance between the sampling sites was around 3.7 km.
Sampling, limnological and biotic variables
The experimental structures have been installed in each sampling site on December 18 th , 2009; the samplings were performed at 21 st , 26 th and 31 st day of periphytic algae's colonization (January 2010), period considered as representative of mature stage of succession (Pompêo and Moschini-Carlos, 2003) .
The following variables were assessed during the experiment: water temperature (average daily) and rainfall (daily accumulated) (INCAPER, 2010) ; depth (depth gauge Speedtech), water transparency (Secchi disk), electric conductivity, water temperature and dissolved oxygen (YSI 85 probe), pH (portable digital potentiometer Alfakit AT 300), turbidity (turbidimeter Alfakit Plus and EXCEL 2007 for Windows. The canonical correspondence analysis (CCA) (TerBraak, 1986) was used to assess the relationship between environmental variables and biovolume (total and per class). The significance of the CCA axes was tested through Monte Carlo permutation test (999 randomizations). The software PC-ORD 4.0 (McCune and Mefford, 1999) was used to perform the CCA and Monte Carlo test.
Results
Abiotic variables
High air temperatures were registered in the study period, with mean value of 27.6 °C (ranging from 23.8 and 29.7 °C) and low rainfall (70 mm accumulated rainfall), with maximum daily rainfall of 26.2 mm. Both sampling sites were shallow, but TR was deeper than ED (2.1 m and 1.2 m, respectively.
The Table 1 summarizes the limnological variables in each sampling site (n = 9) during the for this purpose 10 individuals of each taxon were measured.
The pigments (chlorophyll-a and b and carotenoids) and phaeophytin were extracted using acetone, according to APHA (2005) , and the concentration determined using the spectrophotometric method and formulas suggested by Parsons et al. (1984) and Lorenzen (1967) .
The dry weight, ash-free dry weight and ash were determined through the gravimetric method described in APHA (2005).
Statistical analysis
The data obtained were analyzed by an exploratory univariate analysis, through mean, minimum, maximum, standard error and coefficient of variation. In order to test the differences between the mean values of limnological variables, a oneway ANOVA was employed (α = 0.05) and the Mann-Whitney test was applied for the mean values of biotic variables. All these analyses were run in the software STATISTICA 7.0 (StatSoft, 2004) Table 1 . Exploratory univariate analysis (minimum, maximum, standard deviation and CV) and ANOVA (p < 0.05) of the environmental and limnological variables, considering the two sampling sites (TR and ED). ) in the sampling site TR. The other Classes (Chlorophyceae, Oedogoniophyceae, Zy g n e m a p h y c e a e , X a n t h o p h y c e a e a n d Euglenophyceae) presented no difference between sites and succession days (Table 2) .
Higher values of chlorophyll-a were recorded at ED, on the 21st (5.11 µg. ). Chlorophyll-b, carotenoids and phaeophytin were similar between both sampling sites and succession days (Figure 3) .
Dry weight and ash-free dry weight had no difference between sampling sites and succession days, as shown in Figure 4 . study period, as well as ANOVA results. In general, sampling sites were similar with high values of nutrients. However, the TR featured higher values of water transparency, temperature and silicate; and ED had greater values of total nitrogen, nitrate, ammonia nitrogen and orthophosphate, electric conductivity, turbidity, total suspended solids and total alkalinity. In the same way, high values of TN: TP ratio were found in both sites, especially at ED.
Biotic variables
The descriptive analysis of biotic data and Kruskal-Wallis test results are listed in Table 2 . The total biovolume of periphytic algae had no difference between sampling sites and succession days (Figure 2a) ). The Class Zygnemaphyceae was the largest contributor for biovolume in the TR site, while Chlorophyceae, in the ED (Figure 2b ). Coscinodiscophyceae had higher biovolume values The Canonical Correspondence Analysis (CCA) summarized 81.7% of total data variability on the first two axes. The Pearson correlation (species-environment) was strong for both axis 1 (r = 0.992) and axis 2 (r = 0.900), indicating a strong correlation between abiotic variables and biovolume of algal classes. Nevertheless, these correlations had been significant only for the axis 1 for the Monte Carlo test (p = 0.013). The CCA showed a clear differentiation between the sampling TR site, ordinated on the positive side of axis 1, and the site AP, on the negative side ( Figure 5 ). The axis 1 (65.4%) was positively associated with the water transparency, pH, water temperature, silicate and biovolume of Bacillariophyceae, Zygnemaphyceae and Oedogoniophyceae. Negatively, the axis 1 was associated with electric conductivity, total suspended solids, total alkalinity, turbidity, total nitrogen, nitrate, ammonia nitrogen, total phosphorus, orthophosphate and biovolume of Chlorophyceae, Cyanophyceae and Coscinodiscophyceae. The biplot intra-set correlation of abiotic variables is presented in Table 3 .
Discussion
The Laranjeiras Stream receives untreated domestic sewage, and might be the highest influencer of the trophic status of ED, which featured higher values of total nitrogen, ammonia nitrogen, nitrate, orthophosphate, electric conductivity, respond distinctly according to their physiological characteristics (Liboriussen and Jeppesen, 2006; Ferragut and Bicudo, 2009 ). In the present study, the total biovolume of periphytic algae had no difference between sampling sites and succession days. A similar result was found by Blanco et al. (2008) , working with mesocosms, Ferragut and Bicudo (2009) , using nutrient diffuser substrate.
However, the biovolume per class of algae proved to be sensitive to the different impacts. At the sampling TR site, where it was registered lower values of inorganic nutrients, except for silicates, there was a greater relative contribution of Zygnemaphyceae and Bacillariophyceae for biovolume for all the evaluated days. Blanco et al. (2008) verified a similar trend, when observed that the biovolumes of these classes have been negatively related to the levels of total phosphorus. Despite the CCA had corroborated with these data, through the ordination of the biovolume of Bacillariophyceae and Zygnemaphyceae on the positive side of the axis 1, only the biovolume of Bacillariophyceae had higher values for the TR site.
Regarding the ED site, where the limnological variables indicator of organic pollution has presented the highest values, including the concentration of nutrients, it was observed a greater relative contribution of the classes Chlorophyceae turbidity, TSS, and alkalinity. Water bodies that receive discharges of domestic organic waste present higher values of these variables, which are good indicators of pollution for this type of waste (Camargo et al., 1995; Henry-Silva and Camargo, 2000; Santos et al., 2008) . Despite the values of these variables had been statistically greater, the ED and TR sites had similar limnological characteristics. Regions with intensive net cage fish farming usually release the leftovers and metabolites directly into the water (Alves and Baccarin, 2005) , which can lead to an increase in the environment trophic status.
Despite the similarity among the sampling sites values of diverse limnological variables, the difference between some abiotic variables and between the biovolume of the classes was enough to ordinate the samplings of the site that receives the Laranjeiras Stream (ED) on the negative side of the axis 1, and the samplings of the site where are the net cages (TR) on the positive side. There were no groupings pointing out some pattern among the days of succession, which may have evidenced that the days have represented the most mature phase of the succession process, according to Pompêo and Moschini-Carlos (2003) .
Periphytic algae respond positively to nutrient input in aquatic ecosystems (Pan et al., 2000; and different algal groups Figure 5 . CCA biplot of total biovolume and biovolume per class and environmental variables in the sampling sites TR ( ) and ED ( ). Codes for biotic variables are listed in Table 1 . Cos = Coscinodicophyceae; Bac = Bacillariophyceae; Chl = Chlorophyceae; Cya = Cyanophyceae; Zyg = Zygnemaphyceae; Oed = Oedogoniophyceae; and Xan = Xantophyceae.
between the sites and were higher at ED, pointing out the highest trophic status of this region and confirming the hypothesis. There was no shortterm temporal variability, when considered the collection days, indicating that from the 21 st day, the community had been more stable, characterizing the mature stage of the succession process. It must be considered that further studies should be performed in order to evaluate other community attributes as sensors of environmental quality of the lake, and to examine in details other stages of the succession process in these ones and in other regions of the lake to evaluate the responses of the community facing these stressing agents.
and Cyanophyceae for the biovolume. The greatest contribution of Chlorophyceae for algal biovolume was also registered in other studies (Blanco et al., 2008; DeNicola et al., 2006; Ferragut and Bicudo, 2009) . Despite the relative predominance, Chlorophyceae was not different between sampling sites and succession days, considering its absolute biovolume. The classes Cyanophyceae and Coscinodiscophyceae have presented a greater biovolume in the ED site, in all succession days. Blanco et al. (2008) reported an opposite pattern, i.e. with increasing nutrient levels there was no increase in Cyanophyceae biovolume. However, in the present study it was observed that this increase in biovolume can be due to the occurrence of filamentous algae in ED (with greater biovolume), once the unicellular algae have been more representative in the TR site. Luttenton and Lowe (2006) related the differences in the biovolume of green algae to the higher molar concentration of nitrogen, rather than the N: P ratio. This observation was corroborated by our results, where the class Chlorophyceae was favored in the ED site due to the greater values of nitrogen. Both sites presented a high TN: TP ratio, especially in the ED site. The values of total phosphorus were similar between the two sites, evidencing the similar availability of phosphorus, strengthening the hypothesis that nitrogen explains the greater development of green algae at ED.
Chlorophyll-b and carotenoids had no significant differences between the sites, despite the change in representativeness of the classes for the biovolume.
Chlorophyll-a presented significant responses for the different impacts, being higher at ED. The increase in Chlorophyceae biovolume in the ED site is related to the higher values of chlorophyll-a on this site, which might be associated with the nutrients' concentration of this region of the lake.
The dry weight and the ash-free dry weight did not present variation along the colonization days neither between sampling sites, highlighting a similarity between the effects caused by the different human impacts on the limnological conditions and consequently on the periphyton community.
Conclusion
The biomass of the phycoperiphyton community presented different responses in different regions of the lake submitted to distinct human impacts. These different responses were evidenced by the biovolume of the classes and the concentration of chlorophyll-a, which showed significant differences T. 1999 . Biovolume calculation for pelagic and benthic microalgae. Journal of Phycology, vol. 35, no. 2, p. 403-424. http://dx.doi.org/10.1046 Phycology, vol. 35, no. 2, p. 403-424. http://dx.doi.org/10. /j.1529 Phycology, vol. 35, no. 2, p. 403-424. http://dx.doi.org/10. -8817.1999 
